INTRODUCTION
Over the years, there are many studies for hair care formulations to treat hair which has been damaged by inclement weather or by unsuitable hair treatments. Cationic polymers has been used as hair care ingredient due to the cosmetic properties such as disentangling and softness of wet and dried hair, and protecting the hair fibers from these harmful agent. However, the cationic polymers have unsatisfactory disentangling properties, and tendency to make the hair lank and feel coarse when treatments are superposed 1) . Ceramides are a group of naturally occurring lipids present in the stratum corneum of the skin and the cuticle of the hair, and also used in skin-care and hair-care compositions because of the beneficial effects on skin and hair 2) . Polar lipids like ceramides play a vital role in the hair's external protective sheath. Ceramides are also known to protect and/or repair the hair fibers from of the attack by the various agents and treatments 3) . However, the quantity of natural ceramides in organisms is very limited, and thus the large-scale preparation of the lipids from natural resources seems considerably difficult. Synthetic ceramides are widely used as cosmetic agent alternative to natural ones 2) . However, these synthetic approaches for the large-scale preparation of isomerically pure ceramides are tedious and time consuming for commercial applications 4) . It is thus of great interest to develop a novel and cost-effective natural products alternative to ceramides.
Mannosylerythritol lipids (MELs, ) are promising glycolipid biosurfactants, and are abundantly produced at a yield over 100 g/L from vegetable oils by different yeast strains of the genus Pseudozyma 5, 6) . MELs efficiently form [7] [8] [9] . In addition, MELs have similar amphiphilic structure to that of ceramide and shows the similar biochemical actions to those of glycosphingolipids 5) . We recently reported that MEL-A shows ceramide-like skin care property using three-dimensional skin model 10) . This fact suggests that MELs would be used for hair care ingredient similar to ceramide. We thus focused our attention on the hair care properties of MELs using damaged hair.
Here, we report for the first time the repairing effect of MELs on damaged hair, and demonstrated the present yeast biosurfactants have a great potential as a novel hair care integrant.
EXPERIMENTAL

1
Pseudozyma antarctica T-34 (as a MEL-A producer) 11) and P. tsukubaensis NBRC 1940 (as a MEL-B producer) 12) were cultured in a growth medium (4% glucose, 0.3% NaNO 3 
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The above organic layer was separated and evaporated. The concentrated MELs were dissolved in chloroform and then purified by silica-gel (Wako-gel C-200; Wako, Japan) column chromatography using a gradient elution of chloroform/acetone (10:0 to 0:10, vol/vol) mixtures as solvent systems 13) . The purified MEL-A and MEL-B were used in the following experiments.
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The quantification of MEL-A and MEL-B were carried out by HPLC on a silica gel column (Inertsil SIL 100A 5 mm, 4.6 250 mm; GL science, Japan) with a low temperatureevaporative light scattering detector (ELSD-LT; Shimadzu, Japan) using a gradient solvent program consisting of various proportions of chloroform and methanol (from 100: 0 to 0: 100, vol/vol) at a flow rate of 1 mL/min 14) . The quantification of MELs was based on the standard curve using the pure MEL-A fraction as described previously 12) .
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The structure of the purified MEL-A and MEL-B was confirmed by 1 H nuclear magnetic resonance (NMR) with a Varian INOVA 400 (400 MHz) at 30 using the CD 3 OD solution. The fatty acid profile of the MEL-A was analyzed by gas chromatography-mass spectrometry (GC-MS) (Hewlett Packard 6890 and 5973N) with a TC-WAX (GL-science, Japan) with the temperature programmed from 90 (held for 3 min) to 240 at 5 /min, as described previously 12) .
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Hair fibers used in this experiment were chemically untreated samples taken from a Japanese woman. The hairs were divided into approximately 2 g, 15 cm lengths for each tress, and secured at the non-tip end. These tresses were washed with 0.5% sodium dodecylsulfate for 3 min and rinsed with tap water for 30 s at 40 . They were dried using towel and then brushed to disentangle the knots. The bleaching solution containing 4% hydrogen peroxide and 2.5% ammonium aqueous solution (1:1) was applied to the hair tresses for 30 min at room temperature. Then washed with warm water thoroughly and dried with towel. These treatments were repeated 2 times. Then, perm treatment was done as follows.
Step 1: The hair tresses were dipped in the reduction solution (6.5% ammonium thioglycolate, 0.8% ammonium aqueous solution) for 15 min at room temperature, washed with warm water, and then dried with towel.
Step 2: The hair tresses were dipped in the oxidation solution (6% potassium bromide) for 15 min at room temperature, washed with warm water, and then dried with towel.
Step 3: Those hair tresses were sonicated in distilled water using ultrasonic equipment at 42 kHz for 10 min at 40 , and then dried with towel and air-dried. The presented artificially damaged hairs were used in the following experiments. 
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The damaged hair tresses of 200 g was treated with 0.5% MEL-A, MEL-B or a natural ceramide dissolved in 4.5% lauryl glucoside for 10 min followed by drying, and then used for evaluation of the hair care properties of these glycolipids.
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The surface of the hair was observed by a Hitachi S4500 scanning electron microscope (SEM) with an accelerating voltage of 5 kV after depositing a thin Pt conductive coating.
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Tensile strength of hair samples was measured using a Portable Hair Tensile Tester (Kato Tech Co., Ltd., Japan). The instrument exerts a constant speed of extension of 1 mm/sec on a single hair fiber and extends the fiber until it breaks. Break stress (break load) was measured using average values of 10 hairs/sample. All measurements were made in an air-conditioned laboratory to guarantee a constant room temperature of 23-25 and 49-52% relative humidity. Significant difference from the control group (lauryl glucoside) was analyzed by Student's t-test.
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Hair Bending Tester (KES-FB2-S; Kato Tech Co., Ltd., Japan) was used for the bending elasticity test, and the force required for bending hair was measured. Both ends of hair were cut off and the hair of 5 cm in length was used for the test. Fifty pieces of hair at a distance of 5 mm were adhered and a bending elasticity was measured in an airconditioned laboratory to guarantee a constant room temperature of 23-25 and 49-52% relative humidity. Significant difference from the control group (lauryl glucoside) was analyzed by Student's t-test.
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Twenty hairs were mounted on a slide glass at 1 mm intervals such that their cuticles were aligned in a certain direction. While each of the hairs was kept in straight, both ends of the hair were fixed. Then, the average frictional coefficient (MIU) was determined using a friction sensing tester (KES-SE-DC; Kato Tech Co., Ltd., Japan). All measurements were in an air-conditioned laboratory to guarantee a constant room temperature of 23-25 and 49-52% relative humidity. Significant difference from the control group (lauryl glucoside) was analyzed by Student's ttest.
RESULTS AND DISCUSSION
MEL-A and MEL-B were produced from olive oil as the sole carbon source by P. antarctica T-34 and P. tsukubaensis NBRC 1940, respectively. The purified MEL-A and MEL-B were obtained by the silica-gel column chromatography and subjected to NMR analysis. The structures of MEL-A and MEL-B were confirmed as "di-acetylated and di-acylated 4-O-b-D-mannopyranosyl-meso-erythritol" and "mono-acetylated and di-acylated 1-O-b-D-mannopyranosyl-meso-erythritol", respectively. Based on GC-MS analysis, the main fatty acids of MEL-A was C 8 (26%) and C 10 (73%), and that of MEL-B was C 8 (30%), C 12 (30%) and C 14 (30%) corresponding to the data on the previous reports 6, 12) . The purified MEL-A and MEL-B were thus exclusively used in the following experiments.
To investigate the property of MELs as hair care integrant, MEL-A and MEL-B dissolved in lauryl glucoside were subjected to treatment of the damaged hair, and the surface of hair was observed by electron microscopy ( ). Ceramide was used as a positive control. On electron microscopic observation, the artificially damaged hair showed critical cracks on the surface ( ). Interestingly, the cracks of damaged hair were repaired by treatment with MEL-A, MEL-B and the ceramide ( ). The repairing effect on damaged hair did not observed in only lauryl glucoside as the control ( ). Furthermore, the tensile strength of hair was also investigated (
). The tensile strength of damaged hair was increased by treatment with MEL-A and MEL-B, whereas the treatment with the ceramide did not increase the tensile strength ( ). Consequently, these results indicate that MEL-A and MEL-B would be useful for hair care integrants because of the repairing effect on damaged hair.
To estimate further property of MELs as hair care integrant, we measured the average friction coefficient of damaged hair before and after treatment with MEL-A, MEL-B and the ceramide. In , the average friction coefficient of damaged hair increased from 0. Additionally, we investigated the bending rigidity of damaged hair aimed to search further potential of MELs as hair care integrant. As shown in , damaged hair showed flexible state in spite of the damaged surface; the bending rigidity was 0.127 0.0004. On the other hand, the bending rigidity of damaged hair markedly increased after treatment with only lauryl glucoside (0.204 0.002). This result suggests that hair treatment with a mixture of lauryl glucoside and some hair care agents would make hair rigid and weak. Interestingly, the use of MEL-A (0.129 0.002), MEL-B (0.176 0.003) and the ceramide (0.164 0.002) as the hair care agents was able to suppress the
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increase of the bending rigidity of hair caused by lauryl glucoside. The most effective glycolipid was MEL-A on the bending rigidity test, although the mechanism is unclear. Accordingly, these results support that MEL-A and MEL-B are useful for hair treatment integrant.
There is a surface lipid, 18-methyleicosanoic acid, on the cuticle and is believed to form monolayer on the surface of the hair 15) . The 18-methyleicosanoic acid is considered to play an essential role in the maintenance of hair surface hydrophobic. It is well-known that the damaged hair is caused by chemical treatment such as permanent, bleaching and coloring 16) . It has been reported that the hair sur-
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J. Oleo Sci. 59, (5) 267-272 (2010) face is damaged by the chemical treatment, and the hair surface becomes hydrophilic because of deletion of the 18-methyleicosanoic acid 17) . Several repairing substances such as synthetic phospholipids polymer 18) and some polyphenol 19) are reported to protect hair from the damage. These substances are considered to form a protected lamella layer on the damaged hair surface.
Regarding the mechanism for hair treatment by MELs, we speculate that the lamella formation ability of MELs would allow it to be adsorbed easily in the surface of damaged hair, and the adsorbed MELs would effectively repair the hair fiber instead of 18-methyleicosanoic acid. In conclusion, MELs have great potential for the novel hair care material, not only repairing damaged hair but also providing the smooth and flexible hair. 
